Background: Increasing evidence suggests that nutrients from fruits and vegetables have chemoprotective effects on various cancers including hematologic malignancies, but the effects of nutritional supplements are poorly examined.
Introduction
The intake of dietary supplements has significantly increased over the last 3 decades in the United States, with nearly one-half of older adults currently estimated to use at least 1 dietary supplement on a regular basis (1, 2) . Although randomized clinical trials on the safety and efficacy are generally lacking (3), dietary supplements are viewed by the general public as beneficial for a number of specific medical conditions, general wellbeing, and longevity (4) .
Numerous epidemiologic and animal studies have suggested that fruits and vegetables might protect against various cancers, including non-Hodgkin lymphoma (NHL; refs. [5] [6] [7] [8] [9] . On the other hand, studies of dietary intake of specific nutrients and hematologic malignancies have been less consistent (5) , and only few studies have explicitly examined the preventive effect of nutrients from supplements on blood cancers (9) (10) (11) (12) (13) (14) . A recent report from the Iowa Women's Health Study found no associations for multivitamin use [relative risk (RR) ¼ 1.07 (95% CI ¼ 0.87-1.31)] or supplemental intake of vitamin C or E, although information on duration of use was not available for that cohort (9) . On the other hand, multivitamin use was associated with a higher risk of NHL among women in the Nurses' Health Study [RR ¼ 1.48 (95% CI ¼ 1.01-2.16)] but not among men in the Health Professionals Follow-up Study [RR ¼ 0.85 (95% CI ¼ 0.45-1.58); ref. 10]; in both cohorts, supplements of vitamins A, C, and E were not independently associated with risk of NHL (10) . In comparison, use of multivitamins for 9 years or more was associated with a reduced risk of NHL in men [OR ¼ 0.5 (95% CI ¼ 0.3-0.9)] but not in women in a populationbased case-control study from eastern Nebraska (11) . In the Alpha-Tocopherol Beta-Carotene Cancer Prevention study cohort, dietary or supplemental vitamin B 12 was inversely associated with NHL [HR ¼ 0.61 (95% CI ¼ 0.37-1.00)] but not incident multiple myeloma, whereas no associations were found for folate, vitamin B 2 , or vitamin B 6 (12) . Intake of vitamin B 6 , however, was associated with reduced risk of NHL in a population-based case-control study from 4 Surveillance, Epidemiology, and End Results (SEER) cancer registry centers [OR ¼ 0.57 (95% CI ¼ 0.34-0.95) for highest vs. lowest quartile; ref . 13] . Finally, in another case-control study conducted in 4 SEER cancer registries, vitamin D intake from diet and supplements was not associated with risk of NHL [RR ¼ 1.10 (95% CI ¼ 0.72-1.67) for highest quartile of vitamin D intake; ref . 14] .
The VITamin And Lifestyle (VITAL) cohort study was implemented to assess whether dietary supplement use was related to cancer risk (15) . Herein, we describe results from our examination of vitamin, mineral, and nonvitamin, nonmineral "specialty" supplement use and incident hematologic malignancies in the VITAL cohort.
Design and Methods

Study cohort
For study recruitment, questionnaires were mailed to 364,418 men and women aged 50 to 76 years who lived in the 13-county area in western Washington State covered by the SEER cancer registry (15) . Between October 2000 and December 2002, a total of 79,300 questionnaires were returned, of which 77,719 were deemed eligible. To avoid treatment of an earlier cancer as a cause of blood cancer, we excluded 11,487 participants with prior (n ¼ 11,273) or missing (n ¼ 214) history of any cancer other than nonmelanoma skin cancer at baseline. For the same reason, participants were censored at the time of diagnosis of a nonhematologic cancer after baseline (i.e., at the point they met an exclusion criterion). We additionally excluded 5 cases with post-baseline blood cancer on death certificate only without a diagnosis date, leaving 66,227 men and women available for study. The VITAL study was approved by the Institutional Review Board of the Fred Hutchinson Cancer Research Center.
Data collection
Participants completed a 24-page self-administered, sex-specific questionnaire on supplement and medication use, health history and risk factors, and diet. For each vitamin, mineral, and specialty supplement taken at least once a week for 1 year, we ascertained intake from single supplements and multivitamins, including the duration in years and frequency of use in days per week during the 10-year period prior to baseline. For individual vitamin and mineral supplements, we also ascertained the average dose taken per day. The nutrient content of the multivitamin each participant used was ascertained by brand name for common multivitamins using information from the Physicians' Desk Reference for Nonprescription Drugs and Dietary Supplements 2002 (16) or from the amount of each nutrient in their multivitamin reported by the participant for less common brands.
From this information, we computed a 10-year average daily dose of each supplemental nutrient by multiplying days per week/7 Â years/10 Â dose per day and summing over the intake from individual nutrient supplements and multivitamins. Intake of each supplemental vitamin or mineral was then categorized into 4 groups of 10-year average daily dose: none and tertiles of use. For the less commonly used vitamins and minerals (all except multivitamins, vitamin C, vitamin E, and calcium), the cutoff point for the highest category was changed to be more than the amount of that nutrient that would be obtained from 10-year daily use of the multivitamin pill Centrum Silver (Wyeth). Because the amount of iron varies considerably in different formulations of multivitamins, and the amount that would be obtained from daily use of Centrum Silver (4.0 mg/d) is relatively low, we defined the highest category of iron supplement use as greater than the amount that would be obtained from daily use of several common multivitamin pills [18.0 mg/ d; e.g., Centrum (Wyeth)]. Finally, 10-year use of most specialty supplements was categorized as "no use," "low use" (<4 days per week or <3 y), or "high use" (!4 days per week and !3 y). Because of small number of users, 10-year use of ginseng and of grape seed were categorized as "never use" or "ever use." Intake of specialty supplements from multivitamin sources was included in our estimates of 10-year use of garlic, Ginkgo biloba, ginseng, and grape seed; intake of these supplements from multivitamins alone was classified as "low" 10-year average use, because the amounts of these supplements in multivitamins are generally much lower than those in individual supplements.
Case ascertainment
Incident cases of hematologic and other malignancies were identified through December 2008 by annual linkage to the western Washington SEER cancer registry using matching algorithms described previously (15) . Cases were categorized using the 2008 WHO classification system (17) .
Follow-up for censoring
The end date of follow-up was the earliest date of the following events: diagnosis of hematologic malignancy (0.9%), withdrawal from study (0.03%), emigration from the SEER region (5.3%), diagnosis of cancer other than hematologic malignancy or nonmelanoma skin cancer (9.4%), death (3.1%), or last linkage to the SEER registry (December 31, 2008; 81.3%). Moves out of the SEER region were identified via linkage to the National Change of Address file, follow-up letters, and phone calls. Deaths were ascertained via linkage to the Washington State death file.
Statistical analysis
Characteristics between cases and noncases were compared with unpaired Student's t tests and Fisher's exact tests, as appropriate. Sex-and multivariable-adjusted Cox proportional hazards models using robust standard errors (18) were used to estimate HRs and 95% CIs for the associations between supplement use and risk of hematologic malignancies. Age was the time metric in regression models, with participants entering at the age of completing the baseline questionnaire and exiting at their age at end of follow-up. We selected a priori potential confounders including known and suspected risk factors for hematologic malignancies and medical conditions that may be indications for use of supplements for adjustment in multivariable regression models. Specifically, all models were adjusted for sex, race/ethnicity (white, Hispanic, other), education (high school graduate or less, some college, college or advanced degree), smoking (pack-years), self-rated health (excellent, very good, good, fair, poor), vegetable servings per day (excluding potato servings); fruit servings per day; history of coronary artery disease (defined as history of heart attack, coronary bypass surgery, angioplasty, and/or angina; yes, no), history of rheumatoid arthritis (yes, no), history of fatigue or lack of energy over the year prior to baseline (yes, no), and number of first-degree relatives with a history of leukemia or lymphoma (none, 1, !2). The model for iron was additionally adjusted for anemia in the year prior to baseline. The models for glucosamine and chondroitin were additionally adjusted for history of osteoarthritis or chronic joint pain. P values for trend were computed by using the categorized 10-year average use variable as an ordinal variable in the model. P values for interaction between a supplement and gender were computed by including a multiplicative term of the ordinal variable and gender in the multivariable models. Because different morphologies may have different etiologies, we examined the associations of supplement use with hematologic malignancies stratified by tumor morphology. In these analyses, cases of the other morphologies were censored at the time of cancer diagnosis. All analyses were conducted using STATA 11 (StataCorp) and all reported P values are 2-sided, with a P value <0.05 considered statistically significant.
Results
Overall, 66,227 men and women, aged 61.5AE7.4 (mean AE SD) years, met inclusion criteria for this study. After a mean follow-up of 6.5 AE 1.8 years, 588 (0.89%) developed a hematologic malignancy (Table 1) . Baseline characteristics of cases and noncases (demographic information, lifestyle factors, and medical history) are summarized in Table 2 . Participants who developed a hematologic malignancy were older at baseline (65.6 AE 7.1 vs. 61.5 AE 7.4 years), were more likely male, and more often had 2 or more first-degree relatives with a family history of leukemia or lymphoma. Cases also more often rated their health in the lower 3 of 5 categories, more often had a history of rheumatoid arthritis or coronary artery disease, and more likely reported anemia than noncases.
As shown in Tables 3 and 4 , the use of none of the vitamin or mineral supplements in the 10 years prior to baseline was statistically significantly associated with risk of hematologic cancers. High use of multivitamins (equivalent to !8 years of daily use in the 10 years before baseline) was associated with a 20% statistically nonsignificantly reduced risk [HR ¼ 0.80 [95% CI ¼ 0.64-1.01)]. Table 5 summarizes the associations between specialty supplement use and hematologic malignancies. Ever use of grape seed supplements was associated with a reduced risk [HR ¼ 0.57 (95% CI ¼ 0.37-0.88)]. In addition, high 10-year use of garlic supplements was inversely associated with a reduced risk [HR ¼ 0.55 (95% CI ¼ 0.34-0.87); P trend ¼ 0.028]. There were no associations for the remaining supplements with hematologic malignancies.
To address the possibility that these supplements were used to treat symptoms of an occult hematologic malignancy, we repeated these analyses after exclusion of cases that were diagnosed within 2 years after baseline (n ¼ 149). The associations between incident hematologic malignancies and supplement use were very similar to the analyses that included all cases [HR for ever use of grape seeds ¼ 0. When the analysis was stratified by gender, we found that the associations between ever use of grape seed or high use of garlic or high use of multivitamins and incident hematologic malignancies were very similar for males and females [for males: HR for ever use of grape seed ¼ 0.57 (95% CI ¼ 0.33-0.99); HR for high use of garlic ¼ 0.52 (95% CI ¼ 0.28-0.95); and HR for high use . The use of grape seed supplements seemed to be associated with reduced risk of all 4 of these groups of hematologic malignancies (HR range 0.11-0.78 for ever vs. never use), as was high use of garlic (HR range 0.29-0.77 for high use vs. none). However, all of the CIs were wide (most likely due to the small number of cases in these disease categories) and most included 1, so no clear conclusions can be drawn.
Discussion
In this large prospective study, high use of garlic and ever use of grape seeds were associated with a lower risk of hematologic malignancies. In contrast, we found no association between risk of total hematologic malignancies and use of any of the individual vitamins, minerals, or other specialty supplements assessed.
Over-the-counter multivitamins are the most widely used dietary supplements in the United States (19) . Although experimental studies suggested favorable effects of individual vitamins on various biological processes involved in tumorigenesis (20-23), a systematic review and a recent analysis from the Women's Health Initiative cohorts found no evidence that multivitamin supplements could prevent common cancers, but hematologic malignancies have not been examined in these reports (24, 25) . The few previous studies on dietary supplement use and risk of hematologic malignancies have been mostly focused on NHL and on only the most commonly used supplements (9) (10) (11) (12) (13) (14) . Together, results for multivitamin use across studies, including ours, are inconsistent for multivitamin use but generally show no associations of use of supplemental vitamin A (primarily retinol), vitamin C, or vitamin E with hematologic malignancies. A number of experimental studies have suggested that garlic or specific garlic compounds, most prominently organic sulfur compounds (such as allicin, S-allylmercaptocysteine, S-allylcysteine, diallyl sulfide, diallyl disulfide, and diallyl trisulfide), could prevent cancer through mechanisms that may include the modulation of carcinogen metabolism, inhibition of DNA adduct formation, upregulation of antioxidant defenses and DNA repair systems, and the promotion of mitotic arrest and apoptotic cell death of cancer cells (26) (27) (28) (29) (30) (31) (32) (33) . In contrast to these in vitro and in vivo experimental investigations, (without potatoes), history of coronary artery disease, history of rheumatoid arthritis, history of fatigue/lack of energy, and family history of leukemia/lymphoma. The model for iron was additionally adjusted for anemia within the last year prior to baseline. c Greater than amount of that nutrient that could be obtained from 10-year daily use of the multivitamin Centrum Silver.
epidemiologic studies have yielded mixed results (34) . Specifically, some case-control studies have suggested reduced risk of cancers of the stomach, larynx, breast, and prostate with the use of Allium vegetables, including garlic (35) (36) (37) (38) (39) . In contrast, a prospective study found a higher risk of lung cancer for subjects who exclusively used garlic supplements [HR ¼ 1.78 (95% CI ¼ 1.08-2.92); ref. 40] and no association with breast (41) or colorectal (42) cancer. Our study is the first to investigate garlic supplements in relation to hematologic malignances and suggests a protective association in both men and women of similar magnitude. Grape seeds are a rich source of proanthocyanidins, which possess potent antioxidant properties and, like many phytochemicals, have shown promising chemopreventive effects in vitro and in animal models (43) (44) (45) . Although the exact mechanism underlying chemopreventive effects of grape seed proanthocyanidins Strengths of this study include its prospective design, the large cohort size, and case ascertainment through the SEER cancer registry. In addition, supplement users were targeted for recruitment and detailed information was collected on current and long-term supplement exposure (15) . Because multivitamins contain multiple nutrients, we also attempted to separate associations with specific supplemental nutrients from those using multivitamin only by restricting the highest category of users to participants with a 10-year average dose that was greater than what could be obtained from 10 years of daily use of a common multivitamin formulation. Thus, our results for the highest exposure category reflect high use of the individual nutrient supplement or use of a multivitamin with a high dose of the nutrient. Only 5% of the cohort moved out of the SEER catchment area over the 7 years of follow-up, and bias due to differential loss to follow-up is therefore unlikely to explain our findings. Furthermore, the availability of baseline information on personal lifestyle and medical history allowed adjustment for major potential confounding factors, including adjustment for confounding by suspected indication for supplement use, although residual confounding cannot be excluded.
On the other hand, limitations in our measurement of supplements need to be recognized. First, our 10-year dose variable for each nutrient combines information on years, frequency, and dose per day of use of each of multivitamin and individual supplements into a summary dose variable. In so doing, the individual associations with dose per day, years of use, or some other combination of these would have been missed. Second, we only ascertained the daily dose for vitamins and minerals but not specialty supplements, in part because there is evidence that the advertised dose of specialty supplements can vary substantially from the actual dose (49) . Third, supplement use was ascertained by participant self-report. However, a previous study showed high reproducibility and validity for the self-reported information on supplement use in the VITAL cohort (50) . Fourth, our result for grape seed was based on a crude variable of ever/never use over the 10 years before baseline. However, among users, 84% took the supplements at least 4 days per week, 46% had taken it for at least 3 years before baseline, and 62% were still taking the supplement at baseline and would, therefore, have accumulated additional use after baseline. Measurement errors from these sources are likely to be nondifferential and would therefore attenuate our risk estimates, possibly masking small associations.
In addition, our study may be limited by the fact that some hematologic malignancies may require a prolonged period of time to develop and become clinically manifest. Although we were able to follow our study cohort for an average of 6.5 years, we cannot exclude the possibility that this follow-up is insufficient to observe a true association between supplement intake and some incident hematologic malignancies. Furthermore, stratified analyses of the associations between use of supplements and risk of hematologic malignancies were limited in power, in part due to the diversity of hematologic malignancies and low incidence of these cancers; as a result, we were unable to conduct statistically meaningful subgroup analyses exploring whether the associations of 10-year average use of garlic, grape seed, and multivitamin supplements differed by specific tumor morphology. Finally, because we investigated 24 types of supplements, the possibility of chance finding due to multiple testing needs to be acknowledged.
Of some concern is the possibility of reverse causation, that is, disease symptoms could lead to exposures (e.g., supplement use) rather than the reverse. However, for most supplements, the highest use category required many years of use, and we accounted for self-reported health in multivariable adjusted models. Nonetheless, we additionally excluded cases arising in the first 2 years of follow-up in additional analyses. In these analyses, the HRs for high use of garlic, ever use of grape seeds, and high use of multivitamin pills were very similar to those obtained when all cases were included.
In conclusion, we observed that the use of garlic and grape seeds supplements is associated with lower incidence of hematologic malignancies. Our findings suggest a possible role of these supplements in the chemoprevention of hematologic malignancies, but further, controlled studies will need to confirm these findings. The other supplements assessed in our study are unlikely to be useful for the prevention of hematologic malignancies.
